INORGANIC ANIONS by ION CHROMATOGRAPHY{PRIVATE }
Bromide, Chloride, Fluoride, Nitrate-N, Nitrite-N, orthophosphate-~P, and
Sulfate
EPA Method 300.0 (Revision 2.1, August 1993)

Table 1. Summary of Contract Required Detection Limits, Holding Times, and
Preservation for Inorganic Anions

{PRIVATE Contract Technical and Preservation
}Analytical Required Contract Holding
Parameter Detection Times
Limit
(CRDL)
Nitrate-N (NO,-N) 0.10 mg/L Technical: 48 hours Cool to 4°C +2°C
Nitrite-N (NO,-N) 0.10 mg/L from collection;
ortho-Phosphate-P | 1.0 mg/L Contract: 24 hours
(HPO,-P) from receipt at

laboratory

Bromide (Br)
Chloride (C1)
Fluoride (F)
Sulfate (S0,)

.0 mg/L Technical: 28 days Cool to 4°C +2°C
.0 mg/L from collection;
.10 mg/L Contract: 25 days
.0 mg/L from receipt at
laboratory

O R

Data Calculations and Reporting Units:

Calculate the sample results according to Section 12 of EPA Method 300.0.
Report sample results in concentration units of milligram per liter (mg/L) for
bromide, chloride, fluoride, and sulfate. Report sample results in mg/L as
nitrogen for nitrate and nitrite, and as phosphorous for orthophosphate.
Report anion concentrations that are less than 10 mg/L to 2 significant
figures, and anion concentrations that are greater than or equal to 10 mg/L to
3 significant figures.

For rounding results, adhere to the following rules:

a) If the number following those to be retained is less than 5, round
down ;

a) If the number following those to be retained is greater than 5,
round up; or

b) If the number following the last digit to be retained is equal to
5, round down if the digit is even, or round up if the digit is
odd.

All records of analysis and calculations must be legible and sufficient to
recalculate all sample concentrations and QC results. Include an example
calculation in the data package.

300_0.CRF
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CARBONATE, BICARBONATE,
Standard Methods 2320

and TOTAL ALKALINITY
(Titration Method)

Table 1. Summary of Contract Required Detection Limits, Holding Times, and

Preservation for Alkalinity

Analytical Contract Technical and Preservation
Parameter Required Contract Holding

Detection Times

Limit

(CRDL)
Low-Level Technical: 14 Days Cool to 4EC +2EC*
Alkalinity: 2 mg/L from collection;

Contract: 12 Days

High-Level from receipt at
Alkalinity: 20 mg/L laboratory

* Samples must be unfiltered

Data Calculations and Reporting Units:

Calculate the sample results according to Section 5 of Standard Methods 2320.

Report sample results in concentration units of milligram per liter (mg/L) as
calcium carbonate (CaCO,). Report CaCO, concentrations that are less than 10
mg/L to 2 significant figures, and CaCoO, concentrations that are greater than
or equal to 10 mg/L to 3 significant figurxes.

For rounding results, adhere to the

a) If the number following
down ;

b) If the number following
round up; or

c) If the number following

5, round down if the digit is even,

odd.

following rules:

those to be retained
those to be retained

the last digit to be
or round

is less than 5, round
is greater than 5,

retained is egual to
up if the digit is

All records of analysis and calculations must be legible and sufficient to

recalculate all sample concentrations and QC results.

calculation in the data package.

2320 .CRF

1 of 2

Include an example

Revision 11/16/1999
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METHOD 30508

ACID DIGESTION OF SEDIMENTS., SLUDGES, AND SOILS

1.0 SCOPE AND APPLICATION

1.1 This method has been written to provide two separate digestion procedures, one for
the preparation of sediments, sludges, and soil samples for analysis by flame atomic absorption
spectrometry (FLAA) or inductively coupled plasma atomic emission spectrometry (ICP-AES) and
one for the preparation of sediments, sludges, and soil samples for analysis of samples by Graphite
Furnace AA (GFAA) or inductively coupled plasma mass spectrometry (ICP-MS). The extracts from
these two procedures are not interchangeable and should only be used with the analytical
determinations outlined in this section. Samples prepared by this method may be analyzed by ICP-
AES or GFAA for all the listed metals as long as the detecion limits are adequate for the required
end-use of the data. Alternative determinative techniques may be used if they are scientifically valid
and the QC criteria of the methed, including those dealing with interferences, can be achieved.
Other elements and matrices may be analyzed by this method if performance is demonstrated for
the analytes of interest, in the matrices of interest, at the concentration levels of interest (See
Section 8.0). The recommended determinative techniques for each element are listed below:

FLAA/ICP-AES GFAANICP-MS
Aluminum Magnesium Arsenic
Antimony Manganese Beryllium
Barium Molybdenum Cadmium
Beryllium Nickel Chromium
Cadmium Potassium Cobalt
Calcium Silver iron
Chromium Sodium Lead
Cobalt Thallium Molybdenum
Copper Vanadium Selenium
Iron Zinc Thallium
Lead
Vanadium

1.2 This method is not a total digestion technique for most samples. it is a very strong
acid digestion that will dissolve almost all elements that could become “environmentally available.”
By design, elements bound in silicate structures are not normally dissolved by this procedure as they
are not usually mobile in the environment. If absolute total digestion is required use Method 3052.

2.0 SUMMARY OF METHOD

2.1 For the digestion of samples, a representative 1-2 gram (wet weight) or 1 gram (dry
weight) sample is digested with repeated additions of nitric acid (HNO,) and hydrogen peroxide
(H,0,).

2.2 For GFAA or ICP-MS analysis, the resultant digestate is reduced in volume while
heating and then diluted to a final volume of 100 mL.

2.3 For ICP-AES or FLAA analyses, hydrochloric acid (HCI) is added to the initial
digestate and the sample is refluxed. In an optional step to increase the solubility of some metals
(see Section 7.3.1: NOTE), this digestate is filtered and the filter paper and residues are rinsed, first

CD-ROM 30508 -1 Revision 2
December 1996



with hot HCI and then hot reagent water. Filter paper and residue are returned to the digestion flask,
refluxed with additional HCI and then filtered again. The digestate is then diluted to a final volume
of 100 mL.

24 If required, a separate sample aliquot shall be dried for a total percent solids
determination.

3.0 INTERFERENCES
3.1 Sludge samples can contain diverse matrix types, each of which may present its own
analytical challenge. Spiked samples and any relevant standard reference material should be

processed in accordance with the quality control requirements given in Sec. 8.0 to aid in determining
whether Method 30508 is applicable to a given waste.

4.0 APPARATUS AND MATERIALS
41 Digestion Vessels - 250-mL.

4.2 Vapor recovery device (e.g., ribbed watch glasses, appropriate refluxing device,
appropriate solvent handling system).

4.3 Drying ovens - able to maintain 30°C + 4°C.

4.4 Temperature measurement device capable of measuring to at least 125°C with
suitable precision and accuracy (e.g., thermometer, IR sensor, thermocouple, thermister, etc.)

4.5 Filter paper - Whatman No. 41 or equivalent.
4.6 Centrifuge and centrifuge tubes.
4.7 Analytical balance - capable of accurate weighings to 0.01 g.

4.8 Heating source - Adjustable and able to maintain a temperature of 90-95°C. (e.g., hot
plate, block digestor, microwave, etc.)

4.9 Funnel or equivalent.
4.10 Graduated cylinder or equivalent volume measuring device.
411 Volumetric Flasks - 100-mL.

5.0 REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise indicated, it is
intended that all reagents shall conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society, where such specifications are available. Other grades
may be used, provided it is first ascertained that the reagent is of sufficiently high purity to permit its
use without lessening the accuracy of the determination. If the purity of a reagent is questionable,
analyze the reagent to determine the level of impurities. The reagent blank must be less than the
MDL in order to be used.
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5.2 Reagent Water. Reagent water will be interference free. All references to water in
the method refer to reagent water unless otherwise specified. Refer to Chapter One for a definition
of reagent water.

5.3 Nitric acid (concentrated), HNO;. Acid should be analyzed to determine level of
impurities. If method blank is < MDL, the acid can be used.

54 Hydrochloric acid (concentrated), HCI. Acid should be analyzed to determine level
of impurities. If method blank is < MDL, the acid can be used.

55 Hydrogen peroxide (30%), H,0,. Oxidant should be analyzed to determine level of
impurities. If method blank is < MDL, the peroxide can be used.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that addresses the
considerations discussed in Chapter Nine of this manual.

6.2 All sample containers must be demonstrated to be free of contamination at or below
the reporting limit. Plastic and glass containers are both suitable. See Chapter Three, Section 3.1.3,
for further information.

6.3 Nonaqueous samples should be refrigerated upon receipt and analyzed as soon as
possible.

6.4 It can be difficult to obtain a representative sample with wet or damp materials. Wet
samples may be dried, crushed, and ground to reduce subsample variability as long as drying does
not affect the extraction of the analytes of interest in the sample.

7.0 PROCEDURE

7.1 Mix the sample thoroughly to achieve homogeneity and sieve, if appropriate and
necessary, using a USS #10 sieve. All equipment used for homogenization should be cleaned
according to the guidance in Sec. 6.0 to minimize the potential of cross-contamination. For each
digestion procedure, weigh to the nearest 0.01 g and transfer a 1-2 g sample (wet weight) or 1 g
sample (dry weight) to a digestion vessel. For samples with high liquid content, a larger sample size
may be used as long as digestion is completed.

NOTE: All steps requiring the use of acids should be conducted under a fume hood by
properly trained personnel using appropriate laboratory safety equipment. The use of an acid
vapor scrubber system for waste minimization is encouraged.

7.2 For the digestion of samples for analysis by GFAA or ICP-MS, add 10 mL of 1:1
HNO,, mix the slurry, and cover with a watch glass or vapor recovery device. Heat the sample to
95°C + 5°C and reflux for 10 to 15 minutes without boiling. Allow the sample to cool, add 5 mL of
concentrated HNO,, replace the cover, and reflux for 30 minutes. If brown fumes are generated,
indicating oxidation of the sample by HNO,, repeat this step (addition of 5 mL of conc. HNO,) over
and over until no brown fumes are given off by the sample indicating the complete reaction with
HNO,. Using a ribbed watch glass or vapor recovery system, either allow the solution to evaporate
to approximately 5 mL without boiling or heat at 95°C + 5°C without boiling for two hours. Maintain
a covering of solution over the bottom of the vessel at all times.
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NOTE: Alternatively, for direct energy coupling devices, such as a microwave, digest
samples for analysis by GFAA or ICP-MS by adding 10 mL of 1:1 HNO,, mixing the slurry and
then covering with a vapor recovery device. Heat the sample to 95°C + 5°C and reflux for
5 minutes at 95°C + 5°C without boiling. Allow the sample to cool for 5 minutes, add 5 mL
of concentrated HNO,, heat the sample to 95°C £ 5°C and reflux for 5 minutes at 95°C *
5°C. If brown fumes are generated, indicating oxidation of the sample by HNO,, repeat this
step (addition of 5 mL concentrated HNO;) until no brown fumes are given off by the sample
indicating the complete reaction with HNO,. Using a vapor recovery system, heat the sample
to 95°C + 5°C and reflux for 10 minutes at 95°C + 5°C without boiling.

7.2.1 After the step in Section 7.2 has been completed and the sample has cooled,
add 2 mL of water and 3 mL of 30% H,0,. Cover the vessel with a watch glass or vapor
recovery device and return the covered vessel to the heat source for warming and to start
the peroxide reaction. Care must be taken to ensure that losses do not occur due to
excessively vigorous effervescence. Heat until effervescence subsides and cool the vessel.

NOTE: Alternatively, for direct energy coupled devices: After the Sec. 7.2 "NOTE”
step has been completed and the sample has cooled for 5 minutes, add slowly 10 mb.
of 30% H,0,. Care must be taken to ensure that losses do not occur due to
excessive vigorous effervesence. Go to Section 7.2.3.

7292 Continue to add 30% H,0O, in 1-mL aliquots with warming until the
effervescence is minimal or until the general sample appearance is unchanged.

NOTE: Do not add more than a total of 10 mL 30% H,0,.

7.2.3 Cover the sample with a ribbed watch glass or vapor recovery device and
continue heating the acid-peroxide digestate until the volume has been reduced to
approximately 5 mL or heat at 95°C  5°C without boiling for two hours. Maintain a covering
of solution over the bottom of the vessel at all times.

NOTE: Alternatively, for direct energy coupled devices: Heat the acid-peroxide
digestate to 95°C + 5°C in 6 minutes and remain at 85°C + 5°C without boiling for
10 minutes.

7.2.4 After cooling, dilute to 100 mL with water. Particulates in the digestate should
then be removed by filtration, by centrifugation, or by allowing the sample to settle. The
sample is now ready for analysis by GFAA or ICP-MS.

7.2.4.1 Filtration - Filter through Whatman No. 41 filter paper (or
equivalent).
7.2.42 Centrifugation - Centrifugation at 2,000-3,000 rpm for

10 minutes is usually sufficient to clear the supernatant.

7.2.4.3 The diluted digestate solution contains approximately 5% (v/v)
HNO,. For analysis, withdraw aliquots of appropriate volume and add any required
reagent or matrix modifier.

7.3 For the analysis of samples for FLAA or ICP-AES, add 10 mL conc. HCl to the sample
digest from 7.2.3 and cover with a watch glass or vapor recovery device. Place the sample on/in
the heating source and reflux at 95°C + 5°C for 15 minutes.

CD-ROM 30508 -4 Revision 2
December 1996



NOTE: Alternatively, for direct energy coupling devices, such as a microwave, digest
samples for analysis by FLAA and ICP-AES by adding 5 mL HCl and 10 mL H,O to the
sample digest from 7.2.3 and heat the sample to 95°C £ 5°C, Reflux at 95°C £ 5°C without
boiling for 5 minutes.

7.4 Filter the digestate through Whatman No. 41 filter paper (or equivalent) and coltect
filtrate in a 100-mL volumetric flask. Make to volume and analyze by FLAA or ICP-AES.

NOTE: Section 7.5 may be used to improve the solubilities and recoveries of antimony,
barium, lead, and silver when necessary. These steps are optional and are not
required on a routine basis.

7.5 Add 2.5 mL conc. HNO, and 10 mL conc. HCl to a 1-2 g sample (wet weight) or 1 g
sample (dry weight) and cover with a watchglass or vapor recovery device. Place the sample onfin
the heating source and reflux for 15 minutes.

7.5.1 Filter the digestate through Whatman No. 41 filter paper (or equivalent) and
collect filtrate in a 100-mL volumetric flask. Wash the filter paper, while still in the funnel,
with no more than 5 mL of hot (~95°C) HCI, then with 20 mL of hot (~95°C) reagent water.
Collect washings in the same 100-mL volumetric flask.

752 Remove the filter and residue from the funnel, and place them back in the
vessel. Add 5 mL of conc. HCI, place the vessel back on the heating source, and heat at
95°C + 5°C until the filter paper dissolves. Remove the vessel from the heating source and
wash the cover and sides with reagent water. Filter the residue and collect the filtrate in the
same 100-mL volumetric flask. Allow filtrate to cool, then dilute to volume.

NOTE: High concentrations of metal salts with temperature-sensitive solubilities can
result in the formation of precipitates upon cooling of primary and/or secondary
filtrates. If precipitation occurs in the flask upon cooling, do not dilute to volume.

7.5.3 |If a precipitate forms on the bottom of a flask, add up to 10 mL of
concentrated HC! to dissolve the precipitate. After precipitate is dissolved, dilute to volume
with reagent water. Analyze by FLAA or ICP-AES.

7.6 Calculations

76.1 The concentrations determined are to be reported on the basis of the actual
weight of the sample. If a dry weight analysis is desired, then the percent solids of the
sample must also be provided.

7.6.2 If percent solids is desired, a separate determination of percent solids must
be performed on a homogeneous aliquot of the sample.

8.0 QUALITY CONTROL
8.1 All quality control measures described in Chapter One should be followed.

8.2 For each batch of samples processed, a method blank should be carried throughout
the entire sample preparation and analytical process according to the frequency described in Chapter
One. These blanks will be usefu! in determining if samples are being contaminated. Refer to
Chapter One for the proper protocol when analyzing method blanks.
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8.3 Spiked duplicate samples should be processed on a routine basis and whenever a
new sample matrix is being analyzed. Spiked duplicate samples will be used to determine precision
and bias. The criteria of the determinative method will dictate frequency, but 5% (one per batch) is
recommended or whenever a new sample matrix is being analyzed. Refer to Chapter One for the
proper protocol when analyzing spiked replicates.

8.4 Limitations for the FLAA and ICP-AES optional digestion procedure. Analysts should
be aware that the upper linear range for silver, barium, lead, and antimony may be exceeded with
some samples. If there is a reasonable possibility that this range may be exceeded, or if a sample’s
analytical result exceeds this upper limit, a smaller sample size should be taken through the entire
procedure and re-analyzed to determine if the linear range has been exceeded. The approximate
linear upper ranges for a 2 gram sample size:

Ag 2,000 mg/kg
As 1,000,000 mg/kg
Ba 2,500 mg/kg

Be 1,000,000 mg/kg
Cd 1,000,000 mg/kg
Co 1,000,000 mg/kg
Cr 1,000,000 mg/kg
Cu 1,000,000 mg/kg
Mo 1,000,000 mg/kg
Ni 1,000,000 mg/kg
Pb 200,000 mg/kg
Sb 200,000 mg/kg
Se 1,000,000 mg/kg
TI 1,000,000 mg/kg
VvV 1,000,000 mg/kg
Zn 1,000,000 mg/kg

NOTE: These ranges will vary with sample matrix, molecular form, and size.
9.0 METHOD PERFORMANCE

9.1 In a single laboratory, the recoveries of the three matrices presented in Table 2 were
obtained using the digestion procedure outlined for samples prior to analysis by FLAA and ICP-AES.
The spiked samples were analyzed in duplicate. Tables 3-5 represents resuits of analysis of NIST
Standard Reference Materials that were obtained using both atmospheric pressure microwave
digestion techniques and hot-plate digestion procedures.
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TABLE 1

STANDARD RECOVERY (%) COMPARISON FOR
METHODS 3050A AND 3050B°

Analyte METHOD 3050A° METHOD 30508 w/option®
Ag 9.5 98
As 86 102
Ba 97 103
Be 96 102
Cd 101 99
Co 99 105
Cr 08 a4
Cu 87 94
Mo 97 96
Ni 98 92
Pb 97 95
Sb 87 88
Se 94 9
Tl 96 96
V 93 103
Zn 99 95

CD-ROM

3050B -8

All values are percent recovery. Samples: 4 mbL of 100 mg/mL multistandard; n = 3.
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TABLE 2

PERCENT RECOVERY COMPARISON FOR METHODS 3050A AND 3050B

Percent Recovery®*

Analyte Sample 4435 Sample 4766 Sample HJ Average
3050A 30508 3050A 30508 3050A 30508 3050A 30508
Ag 9.8 103 15 89 56 93 27 95
As 70 102 80 95 83 102 77 100
Ba 85 94 78 95 b b 81 94
Be 94 102 108 a8 99 94 99 97
Cd 92 88 91 a5 95 97 93 94
Co 90 94 87 95 89 93 89 94
Cr 90 95 89 94 72 101 83 97
Cu 81 88 85 87 70 106 77 94
Mo 79 92 83 98 87 103 83 98
Ni 88 93 93 100 87 101 92 98
Pb 82 92 80 91 7 91 81 91
Sb 28 84 23 77 46 76 32 79
Se 84 89 81 96 99 96 85 94
Tl 88 87 69 95 66 67 74 83
V 84 97 86 96 90 88 87 93
Zn 96 106 78 75 b b 87 99

a - Samples: 4 mbL of 100 mg/mL multi-standard in 2 g of sample. Each value is percent recovery
and is the average of duplicate spikes.

b - Unable to accurately quantitate due to high background values.

¢ - Method 3050B using optional section.
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METHOD 3050B

ACID DIGESTION OF SEDIMENTS, SLUDGES, AND SOILS

7.3 Add 10 mL con-
centrated HCI to the
digest from 7.2.3 and
cover reflux for
16 minutes.

7.1 Mix sampie
tc homogeneity.

Selact
analytes,

Only for Sb, Ba, Pb. and As
if required

All elements
with appropriate
recoveries

N

7.5 Add 2.5 mi conc.
HNOgzand 10 mL conec.

7.2 Add 10 mL 11
HNO3 and raflux for
-~ 10 minutes.

HCI to sample reflux
for 15 minutes,

¥

A

7.2 Add 5 ml conc.
HNO 4 and refiux for
30 mins.: repeat
until dig. is complete
avaporate to
5 mL; cool.

7.5.1 Filter digestate
and collect in
votumetric flask.

h

A

7.2.1-7.2.2 Add
2 mL water and 3 miL
30% Hz2: continue
to add 1 mi aliquots
of H0; untif bubbling
subsides.

A

7.4 Filter,

make to volume.

Y

7.4 Analyze by
FLAA or {CP-AES.

A

) 4

7.2.3 Reduce volume
to ~5 mi.

FLAA or
ICP-AES

Select
Analytical
Method

GFAA or
1ICP-MS

7.2.4 Filter/ceantrituge,
if necess ary, dilute
to 100 mL with water.

A

7.2.3 Analyze by
GFAA or ICP-MS.

i

7.5.1 Wash filter paper

with 5 mL hot HC) and

then with 20 mL hot

reagent water. Collect

in same 100 mbL flask
as filtrate.

7.5.2 Remove filter
and residues and place
back in vessel. Add
5 mbL HCL and heat
filter: collect in same
ftask as filtrate.

N

7.5.3 If precipitate
forms add up to
10 mL HCI to dissolve.
Dilute to volume

A

7.5.3 Analyze by
FLAA or ICP-AES.

7.6 Calculations.
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METHOD 5035

CLOSED-SYSTEM PURGE-AND-TRAP AND EXTRACTION FOR
VOLATILE ORGANICS IN SOIL AND WASTE SAMPLES

1.0 SCOPE AND APPLICATION

1.1 This method describes a closed-system purge-and-trap process for the analysis of
volatile organic compounds (VOCs) in solid materials (e.g., soils, sediments, and solid waste). While
the method is designed for use on samples containing low levels of VOCs, procedures are also
provided for collecting and preparing solid samples containing high concentrations of VOCs and for
oily wastes. For these high concentration and oily materials, sample collection and preparation are
performed using the procedures described here, and sample introduction is performed using the
aqueous purge-and-trap procedure in Method 5030. These procedures may be used in conjunction
with any appropriate determinative gas chromatographic procedure, including, but not limited to,
Methods 8015, 8021, and 8260.

1.2  The low soil method utilizes a hermetically-sealed sample vial, the seal of which is never
broken from the time of sampling to the time of analysis. Since the sample is never exposed to the
atmosphere after sampling, the losses of VOCs during sample transport, handling, and analysis are
negligible. The applicable concentration range of the low soil method is dependent on the
determinative method, matrix, and compound. However, it will generally fall in the 0.5 to 200 pg/kg
range.

1.3  Procedures are included for preparing high concentration samples for purging by Method
5030. High concentration samples are those containing VOC levels of >200 pg/kg.

1.4 Procedures are also included for addressing oily wastes that are soluble in a water-
miscible solvent. These samples are also purged using Method 5030..

1.5 Method 5035 can be used for most volatile organic compounds that have boiling points
below 200°C and that are insoluble or slightly soluble in water. Volatile, water-soluble compounds
can be included in this analytical technique. However, quantitation limits (by GC or GC/MS) are
approximately ten times higher because of poor purging efficiency.

1.6 Method 5035, in conjunction with Method 8015 (GC/FID), may be used for the analysis
of the aliphatic hydrocarbon fraction in the light ends of total petroleum hydrocarbons, e.g., gasoiine.
For the aromatic fraction (BTEX), use Method 5035 and Method 8021 (GC/PID). A total
determinative analysis of gasoline fractions may be obtained using Method 8021 in series with
Method 8015.

1.7 As with any preparative method for volatiles, samples should be screened to avoid
contamination of the purge-and-trap system by samples that contain very high concentrations of
purgeable material above the calibration range of the low concentration method. In addition,
because the sealed sample container cannot be opened to remove a sample aliquot without
compromising the integrity of the sample, multiple sample aliquots should be collected to allow for
screening and reanalysis.

1.8 The closed-system purge-and-trap equipment employed for low concentration samples
is not appropriate for soil samples preserved in the field with methanol. Such samples should be
analyzed using Method 5030 (see the note in Sec. 6.2.2).
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1.9 This method is restricted to use by or under the supervision of trained analysts. Each
analyst must demonstrate the ability to generate acceptable results with this method.

2.0 SUMMARY OF METHOD

2.1 Low concentration soil method - generally applicable to and soils and other solid samples
with VOC concentrations in the range of 0.5 to 200 pg/kg.

Volatile organic compounds (VOCs) are determined by collecting an approximately 5-g sample,
weighed in the field at the time of collection, and placing it in a pre-weighed vial with a septum-
sealed screw-cap (see Sec. 4) that already contains a stirring bar and a sodium bisulfate
preservative solution. The vial is sealed and shipped to a laboratory or appropriate analysis site.
The entire vial is then placed, unopened, into the instrument carousel. Immediately before analysis,
organic-free reagent water, surrogates, and internal standards (if applicable) are automatically added
without opening the sample vial. The vial containing the sample is heated to 40°C and the volatiles
purged into an appropriate trap using an inert gas combined with agitation of the sample. Purged
components travel via a transfer line to a trap. When purging is complete, the trap is heated and
backflushed with helium to desorb the trapped sample components into a gas chromatograph for
analysis by an appropriate determinative method.

2.2 High concentration soil method - generally applicable to soils and other solid samples
with VOC concentrations greater than 200 pg/kg.

The sample introduction technique in Sec. 2.1 is not applicable to all samples, particularly
those containing high concentrations (generally greater than 200 pg/kg) of VOCs which may overload
either the volatile trapping material or exceed the working range of the determinative instrument
system (e.g., GC/MS, GC/FID, GC/EC, etc.). In such instances, this method describes two sample
collection options and the corresponding sample purging procedures.

2.2.1  The first option is to collect a bulk sample in a vial or other suitable container
without the use of the preservative solution described in Sec. 2.1. A portion of that sample is
removed from the container in the laboratory and is dispersed in a water-miscible solvent to
dissolve the volatile organic constituents. An aliquot of the solution is added to 5 mL of
reagent water in a purge tube. Surrogates and internal standards (if applicable) are added to
the solution, then purged using Method 5030, and analyzed by an appropriate determinative
method. Because the procedure involves opening the vial and removing a portion of the soil,
some volatile constituents may be lost during handling.

2.2.2 The second option is to collect an approximately 5-g sample in a pre-weighed vial
with a septum-sealed screw-cap (see Sec 4) that contains 5 mL of a water-miscible organic
solvent (e.g., methanol). At the time of analysis, surrogates are added to the vial, then an
aliquot of the solvent is removed from the vial, purged using Method 5030 and analyzed by an
appropriate determinative method.

2.3 High concentration oily waste method - generally applicable to oily samples with VOC
concentrations greater than 200 pg/kg that can be diluted in a water-miscible solvent.

Samples that are comprised of oils or samples that contain significant amounts of oil present
additional analytical challenges. This procedure is generally appropriate for such samples when they
are soluble in a water-miscible solvent.
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231 After demonstrating that a test aliquot of the sample is soluble in methanol or
polyethylene glycol (PEG), a separate aliquot of the sample is spiked with surrogates and
diluted in the appropriate solvent. An aliquot of the solution is added to 5 mL of reagent water
in a purge tube, taking care to ensure that a floating layer of oil is not present in the purge tube.
Internal standards (if applicable) are added to the solution which is then purged using Method
5030 and analyzed by an appropriate determinative method.

2.3.2  Samples that contain oily materials that are not soluble in water-miscible solvents
must be prepared according to Method 3585.

3.0 INTERFERENCES

3.1 Impurities in the purge gas and from organic compounds out-gassing from the plumbing
ahead of the trap account for the majority of contamination problems. The analytical system must
be demonstrated to be free from contamination under the conditions of the analysis by running
method blanks. The use of non-polytetrafiuoroethylene (non-PTFE) plastic coating, non-PTFE thread
sealants, or flow controllers with rubber components in the purging device must be avoided, since
such materials out-gas organic compounds which will be concentrated in the trap during the purge
operation. These compounds will result in interferences or false positives in the determinative step.

3.2 Samples can be contaminated by diffusion of volatile organics {(particularly methylene
chloride and fluorocarbons) through the septum seal of the sample vial during shipment and storage.
A trip blank prepared from organic-free reagent water and carried through sampling and handling
protocols serves as a check on such contamination.

3.3 Contamination by carryover can occur whenever high-concentration and low-
concentration samples are analyzed in sequence. Where practical, samples with unusually high
concentrations of analytes should be followed by an analysis of organic-free reagent water to check
for cross-contamination. If the target compounds present in an unusually concentrated sample are
also found to be present in the subsequent samples, the analyst must demonstrate that the
compounds are not due to carryover. Conversely, if those target compounds are nof present in the
subsequent sample, then the analysis of organic-free reagent water is not necessary.

3.4 The laboratory where volatile analysis is performed should be completely free of solvents.
Special precautions must be taken to determine methylene chloride. The analytical and sample
storage area should be isolated from all atmospheric sources of methylene chloride, otherwise
random background levels will result. Since methylene chloride will permeate through PTFE tubing,
all GC carrier gas lines and purge gas plumbing should be constructed of stainless steel or copper
tubing. Laboratory workers' clothing previously exposed to methylene chloride fumes during
common liquid/liquid extraction procedures can contribute to sample contamination. The presence
of other organic solvents in the laboratory where volatile organics are analyzed will also lead to
random background levels and the same precautions must be taken.

4.0 APPARATUS AND MATERIALS
4.1 Sample Containers
The specific sample containers required will depend on the purge-and-trap system to be

employed (see Sec. 4.2). Several systems are commercially available. Some systems employ
40-mL clear vials with a special frit and equipped with two PTFE-faced silicone septa. Other
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systems permit the use of any good quality glass vial that is large enough to contain at least 5 g of
soil or solid material and at least 10 mL of water and that can be sealed with a screw-cap containing
a PTFE-faced silicone septum. Consult the purge-and-trap system manufacturer's instructions
regarding the suitable specific vials, septa, caps, and mechanical agitation devices.

4.2 Purge-and-Trap System

The purge-and-trap system consists of a unit that automatically adds water, surrogates, and
internal standards (if applicable) to a vial containing the sample, purges the VOCs using an inert gas
stream while agitating the contents of the vial, and also traps the released VOCs for subsequent
desorption into the gas chromatograph. Such systems are commercially available from several
sources and shall meet the following specifications.

4.2.1 The purging device should be capable of accepting a vial sufficiently large to
contain a 5-g soil sample plus a magnetic stirring bar and 10 mL of water. The device must
be capable of heating a soil vial to 40°C and holding it at that temperature while the inert purge
gas is allowed to pass through the sample. The device should also be capable of introducing
at least 5 mL of organic-free reagent water into the sample vial while trapping the displaced
headspace vapors. It must also be capable of agitating the sealed sample during purging,
(e.g., using a magnetic stirring bar added to the vial prior to sample collection, sonication, or
other means). The analytes being purged must be quantitatively transferred to an absorber
trap. The trap must be capable of transferring the absorbed VOCs to the gas chromatograph
(see 4.2.2).

NOTE: The equipment used to develop this method was a Dynatech PTA-30 W/S
Autosampler. This device was subsequently sold to Varian, and is now available
as the Archon Purge and Trap Autosampler. See the Disclaimer at the front of
this manual for guidance on the use of alternative equipment.

4.2.2 A variety of traps and trapping materials may be employed with this method. The
choice of trapping material may depend on the analytes of interest. Whichever trap is
employed, it must demonstrate sufficient adsorption and desorption characteristics to meet the
quantitation limits of all the target analytes for a given project and the QC requirements in
Method 8000 and the determinative method. The most difficuit analytes are generally the
gases, especially dichlorodifluoromethane. The trap must be capable of desorbing the late
eluting target analytes.

NOTE: Check the responses of the brominated compounds when using alternative
charcoal traps (especially Vocarb 4000), as some degradation has been noted
when higher desorption temperatures (especially above 240 - 250°C) are
employed. 2-Chloroethyl vinyl ether is degraded on Vocarb 4000 but performs
adequately when Vocarb 3000 is used. The primary criterion, as stated above,
is that all target analytes meet the sensitivity requirements for a given project.

4221 The trap used to develop this method was 25 cm long, with an inside
diameter of 0.105 inches, and was packed with Carbopack/Carbosieve (Supelco, Inc.).

42272 The standard trap used in other EPA purge-and-trap methods is also
acceptable. That trap is 25 cm long and has an inside diameter of at least 0.105 in.
Starting from the inlet, the trap contains the equal amounts of the adsorbents listed
below. It is recommended that 1.0 cm of methyl silicone-coated packing (35/60 mesh,
Davison, grade 15 or equivalent) be inserted at the inlet to extend the life of the trap. If
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the analysis of dichlorodifluoromethane or other fluorocarbons of similar volatility is not
required, then the charcoal can be eliminated and the polymer increased to fill 2/3 of the
trap. If only compounds boiling above 35°C are to be analyzed, both the silica gel and
charcoal can be eliminated and the polymer increased to fill the entire trap.

4.2.2.2.1 2,6-Diphenylene oxide polymer - 60/80 mesh,
chromatographic grade (Tenax GC or equivalent).

422272 Methy! silicone packing - OV-1 (3%) on Chromosorb-W,
60/80 mesh or equivalent.

42223 Coconut charcoal - Prepare from Barnebey Cheney,
CA-580-26, or equivalent, by crushing through 26 mesh screen.

4.2.2.3 Trapping materials other than those listed above also may be employed,
provided that they meet the specifications in Sec. 4.2.3, below.

4.2.3 The desorber for the trap must be capable of rapidly heating the trap to the
temperature recommended by the trap material manufacturer, prior to the beginning of the flow
of desorption gas. Several commercial desorbers (purge-and-trap units) are available.

4.3 Syringe and Syringe Valves

431 25-mL glass hypodermic syringes with Luer-Lok (or equivalent) tip (other sizes
are acceptable depending on sample volume used).

4.3.2 2-way syringe valves with Luer ends.

4.3.3 25-uL micro syringe with a 2 inch x 0.006 inch ID, 22° bevel needle (Hamilton
#702N or equivalent).

4.3.4 Micro syringes - 10-, 100-pL.

4.3.5 Syringes - 0.5-, 1.0-, and 5-mL, gas-tight with shut-off valve.
4.4 Miscellaneous

441 Glass vials

4411 60-mL, septum-sealed, to collect samples for screening, dry weight
determination.

4.41.2 40-mL, screw-cap, PTFE lined, septum-sealed. Examine each vial prior
to use to ensure that the vial has a flat, uniform sealing surface.

4.42 Top-loading balance - Capable of accurately weighing to 0.01 g.

4.4.3 Glass scintillation vials - 20-mL, with screw-caps and PTFE liners, or glass culture
tubes with screw-caps and PTFE liners, for dilution of oily waste samples.

4.4 .4 Volumetric flasks - Class A, 10-mL and 100-mL, with ground-glass stoppers.
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4.4.5 2-ml glass vials, for GC autosampler - Used for oily waste samples extracted with
methanol or PEG.

4.4.6 Spatula, stainless steel - narrow enough to fit into a sample vial.

4.4.7 Disposable Pasteur pipettes.

4.4.8 Magnetic stirring bars - PTFE- or glass-coated, of the appropriate size to fit the
sample vials. Consult manufacturer's recommendation for specific stirring bars. Stirring bars
may be reused, provided that they are thoroughly cleaned between uses. Consult the
manufacturers of the purging device and the stirring bars for suggested cleaning procedures.

4.5 Field Sampling Equipment

4.5.1 Purge-and-Trap Soil Sampler - Model 3780PT (Associated Design and
Manufacturing Company, 814 North Henry Street, Alexandria, VA 22314), or equivalent.

452 EnCore™ sampler - (En Chem, Inc., 1795 Industrial Drive, Green Bay, WI 54302),
or equivalent.

4.5.3 Alternatively, disposable plastic syringes with a barrel smaller than the neck of
the soil vial may be used to collect the sample. The syringe end of the barrel is cut off prior
to sampling. One syringe is needed for each sample aliquot to be collected.

454 Portable balance - For field use, capable of weighing to 0.01 g.

4.5.5 Balance weights - Balances employed in the field should be checked against an
appropriate reference weight at least once daily, prior to weighing any samples, or as
described in the sampling plan. The specific weights used will depend on the total weight of
the sample container, sample, stirring bar, reagent water added, cap, and septum.

5.0 REAGENTS

5.1 Organic-free reagent water - All references to water in this method refer to organic-free
reagent water, as defined in Chapter One.

5.2  Methanol, CH,OH - purge-and-trap quality or equivalent. Store away from other solvents.

5.3 Polyethylene glycol (PEG), H{OCH,CH,),,OH - free of interferences at the detection limit
of the target analytes.

5.4 Low concentration sample preservative
5.4.1 Sodium bisulfate, NaHSO, - ACS reagent grade or equivalent.

5.4.2 The preservative should be added to the vial prior to shipment to the field, and
must be present in the vial prior to adding the sample.

55 See the determinative method and Method 5000 for guidance on internal standards and
surrogates to be employed in this procedure.
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

Refer to the introductory material in this chapter, Organic Analytes, Sec. 4.1, for general
sample collection information. The low concentration portion of this method employs sample vials
that are filled and weighed in the field and never opened during the analytical process. As a result,
sampling personnel should be equipped with a portable balance capable of weighing to 0.01 g.

6.1 Preparation of sample vials

The specific preparation procedures for sample vials depend on the expected concentration
range of the sample, with separate preparation procedures for low concentration soil samples and
high concentration soil and solid waste samples. Sample vials should be prepared in a fixed
laboratory or other controlled environment, sealed, and shipped to the field location. Gloves should
be worn during the preparation steps.

6.1.1  Low concentration soil samples

The following steps apply to the preparation of vials used in the collection of low
concentration soil samples to be analyzed by the closed-system purge-and-trap
equipment described in Method 5035.

6.1.1.1  Add a clean magnetic stirring bar to each clean vial. If the purge-and-
trap device (Sec. 4.2) employs a means of stirring the sample other than a magnetic
stirrer (e.g., sonication or other mechanical means), then the stir bar is omitted.

6.1.1.2 Add preservative to each vial. The preservative is added to each vial
prior to shipping the vial to the field. Add approximately 1 g of sodium bisulfate to each
vial. If samples markedly smaller or larger than 5 g are to be collected, adjust the
amount of preservative added to correspond to approximately 0.2 g of preservative for
each 1 g of sample. Enough sodium bisulfate should be present to ensure a sample pH
of <2,

6.1.1.3 Add 5 mL of organic-free reagent water to each vial. The water and the
preservative will form an acid solution that will reduce or eliminate the majority of the
biological activity in the sample, thereby preventing biodegradation of the volatile target
analytes.

6.1.1.4  Seal the vial with the screw-cap and septum seal. If the double-ended,
fritted, vials are used, seal both ends as recommended by the manufacturer.

6.1.1.5 Affix a label to each vial. This eliminates the need to label the vials in
the field and assures that the tare weight of the vial includes the label. (The weight of
any markings added to the label in the field is negligible).

6.1.1.6 Weigh the prepared vial to the nearest 0.01 g, record the tare weight,
and write it on the label.

6.1.1.7 Because volatile organics will partition into the headspace of the vial
from the aqueous solution and will be lost when the vial is opened, surrogates, matrix
spikes, and internal standards (if applicable) should only be added to the vials after the
sample has been added to the vial. These standards should be introduced back in the
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